Introduction
In Egypt, about 33% of the cultivated land is already salt affected (Ghassemi et al., 1995) . This salinity is mainly due to low precipitation (<25 mm annual rainfall), high temperature (during summer, temperature reaching from 35 to 45 o C), high surface evaporation (1500-2400 mm/year), poor drainage system, rising water table (less than one meter below the soil surface), and low quality irrigation water (up to salinity of 4.5 dSm -1 ) (Amaer et al., 1989) . The reduction in production of soils affected by salinity is about 30% (El-Lakany et al., 1986) , threatening the livelihoods of poor farming and having a significant impact on the food production of Egypt as whole. Moreover, the Egyptian Government has spent large sums on reclamation, mainly on drainage projects (more than US$ 30 million annually) to solve salinity problems in irrigated area, but the annual average income from crops grown with drainage system is more limited than those grown without drainage system (Amer et al., 1989) . Therefore genetic improvement for salt tolerance in major crops, particularly this approach is less expensive for poor farmers than other, has became an urgent task in dealing with salinity problems in Egyptian agriculture sector.
Wheat is one of the oldest and most important cereal crop in Egypt. Although wheat productivity in Egypt has increased during the past years, wheat production supplies only 45% of its annual domestic demand. Egypt still is one of the largest countries that import wheat. Wheat imports in 2011 were about 9.8 million tons, with a cost of about 3.2 billion US$ (FAOSTAT, 2011) . Therefore, Egypt needs to make a great effort to increase wheat production. Extending wheat growing outside the Nile Valley is the first effort toward overcoming wheat problems. However, most if the area outside the Nile Valley suffers from salinity as depends on water resources that are affected by salinity; therefore increasing salt tolerance for wheat genotypes is one of the cheap methods to spread growing wheat in these areas.
Screening large numbers of genotypes in the field is notoriously difficult because of the variability of salinity within fields (Daniells et al., 2001) and the enormous potential for interaction with other environmental factors, ranging from soil chemical and physical properties to temperature, light flux density and seasonal fluctuation in rainfall. Screening technique has, therefore, often been used under controlled conditions. Consequently, prediction of field performance is commonly carried out in trial plots method where the salinity of the medium can be readily adjusted to required values (Francios and Mass, 1994) . Large numbers of bread wheat genotypes have been screened for salt tolerance in greenhouse; the criteria being biomass production at high salinity (up to 25 mM NaCl) relative to biomass in control conditions (Kingsbury and Epstein, 1984) , and a screen by Sayed (1985) of 5000 wheat lines under solution culture, based on survival at high salinity, showed considerable genetic diversity amongst tested genotypes and lines. Classical breeding in Egypt was able to develop some bread wheat cultivars, such as Sakha 8 and Sakha 93 of higher salinity tolerance than other commercial cultivars. Genetic diversity in wheat has been reduced mainly due to narrow genetic base of the wheat germplasm (Wei et al., 2002) . Therefore wheat breeders are always looking for new methods to enrich breeding material of better tolerance to salinity stress. Using modern biotechnological techniques in plant breeding, could contribute, to a great extent, in the induction of novel genetic variation, which are not existed in the gene pool, such as somaclonal and/or gametoclonal variation (Khan et al., 2001) . The anther culture technique helps in developing doubled haploids, in a short time from wheat crosses that show new genetic variation amenable for efficient selection for salinity tolerant genotypes (Mitchell et al., 1992) .
One hundred seventeen bread wheat doubled haploid (DH) lines derived from the cross Sakha 8 X Line 25 via anther culture technique (Doghma, 2007) were used in the present investigation; the first parent (Sakha 8) of the cross was an Egyptian salinity tolerant cultivar and the second parent (Line 25) was a high yielding promising breeding line. This set of DH lines is expected to include line(s) that accumulated favorable genes for both high-yielding and salinity tolerance.
Information on heritability and expected selection gain from such DH population are necessary for plant breeders. Changes in heritability and genetic variance components have been predicted as stress level increases (Kacser and Burns, 1981 and Blum, 1988) ; such changes were reported by Hoffmann and Parsons (1991) . Such changes in genetic variation (increase or decrease), would seem likely to arise with increased stress, because different genes may contribute to similar character under diverse environments (Richards, 1978 and Rumbaugh et al., 1984) .
Therefore, the objectives of the present experiment were: (i) to describe the effects of salinity on different phenological, agronomic and yield traits, (ii) to identify the relative importance of agronomic parameters associated with salt tolerance and (iii) to study the response of heritability and genetic advance from selection to the elevated level of salinity.
Materials and Methods

Plant materials
Materials used in this study included 117 wheat (Triticum aestivum L.) doubled haploid (DH) lines, derived from the cross between Sakha 8 (Egyptian salt tolerant cultivar) and Line 25 (a promising high-yielding breeding line) via anther culture technique (Doghma, 2007) , the two parents and two check Egyptian cultivars, i.e. Sakha 93 and Sids 1. These materials were acquired from Wheat Res. Dept., Field Crop Res. Inst., Agricultural Research Center (ARC), Egypt.
Sowing method:
Five seeds from each of the 121 genotypes were surface sterilized by rinsing in Chlorox solution (35%) for 3 min and washed several times by distilled water and sown in 30 cm pots filled with 5 kg of a mixture of well washed sandy Soil for the 1 st season and well washed mixture of 1 sandy soil and 1 peatmoss (v/v) for the 2 nd season 2. A factorial experiment, based on lattice arrangement with two replications was used. Four salinity treatments (0, 3000, 6000, 9000 NaCl ppm) were used. Planting date was on 1 st and 5 th of December in 2012/13 and 2013/14 seasons., respectively.
Pots were irrigated with saline solutions of the four NaCl concentrations mixed with full strength Hoagland solution (Hoagland and Arnon, 1950 Data were recorded on individual plants from each pot as follows: 1. Days to heading (DTH): It is estimated as the number of days from sowing date to the date at which 50% of main spike awns had completely emerged from the flag leaf. 2. Days to maturity (DTM):It is recorded as the number of days from sowing to the date at wich 50% of main peduncles have turned to yellow color (physiological maturity). 3. Plant height (PH): It was measured as the height of plant at maturity, measured from the soil surface to level the tip of spike, excluding awns. 4. Number of Tillers/plant (NTPP): It was measured as the total number of tillers per plant as an average of three plants. 5. Number of spikes/plant (NSPP): It was measured as the total number of fertile spikes per plant as an average of three plants. 6. Number of grains/spike (NGPP): It was measured as the total number of grains per main spike as an average of three spikes. 7. Thousand grains weight (TKW): It was measured as the weight of 1000 grains using an electronic balance. 8. Grain yield/plant (GYPP): It was measured as the dry matter (biomass) allocated to the grains per plant as an average of three plants. 9. Straw yield/plant (SYPP): It was measured as the dry matter (biomass) allocated to the straw (the above ground parts of the plant, except grains) as an average of three plants. 10. Biological yield/plant (BYPP): It was measured as the dry matter (biomass) allocated to the grain to the whole plant except root, as an average of the plants. It was estimated as follows: BYPP = GYPP + SYPP. 11. Harvest index (HI): It was estimated as follows: HI = 100 (GYPP / BYPP).
The previously mentioned traits were used to calculate the following parameters: 1. Salinity tolerance trait index (STTI): Salinity tolerance trait index (STTI) modified from dry matter or grain yield efficiency index suggested by Fageria (1992) to classify genotypes for tolerance to salinity. The formula used is as follows:STTI = (Y1/AY1) X (Y2/AY2)Where, Y1 = trait mean at low salinity level. AY1 = average trait of genotypes at low salinity level. Y2 = trait mean at high salinity level. AY2 = average trait of genotypes at high salinity level. 2. Salinity tolerance index (STI) was calculated as follows: STI = (STT1I + STT2I + …………… + STTnI)/n. Where, STTI1, STTI2 …… STTIn=Trait No.1, Trait No.2 ……. Trait No.n, and n = number of measured traits.When STI is > 1, it indicates that genotype is tolerant (T) to salinity. If STI is > 0.5 to 1, it indicates that genotype is moderately tolerant (MT) to salinity. If STI is > 0 to < 0.5, it indicates that genotype is sensitive (S) to salinity.
Statistical analysis
All data were subjected to analysis of variance (ANOVA) of factorial experiment using MSTAT C21 and Assistat 7.7 software's, and comparisons of means were made using the least significant difference (LSD) test at P < 0.05 and 0.01 levels of confidence, according to Snedecor and Cochran (1989) . Moreover, each main plot was analyzed separately as a randomized complete block design (RCBD).
Coefficients of simple and rank correlations between attributes and their significance were calculated according to Steel et al. (1997) by using SPSS 7 computer software. Expected mean squares combined across years were estimated from ANOVA table of RCBD (Table 1) according to Hallauer and Miranda (1988) . Genotypic (σ 2 g ), phenotypic (σ 2 ph ) and genetic x year interaction (σ 2 gy ) variances were computed as follows: σ 2 g = (M 3 -M 2 ) / ry, σ 2 gy = (M 2 -M 1 ) /r, σ 2 ph = σ 2 g + (σ 2 gy / r) + (σ 2 e / ry), Where r = number of replications, and y = number of years. The following equations (proposed by Burton, 1952) were used to estimate genotypic (GCV) and phenotypic (PCV) coefficients of variations: GCV = (σ g / ͞ x ) X 100, PCV = (σ ph / ͞ x ) X 100, Where: ͞ x = Mean of the trait at the same salinity level. Heritability (%) in the broad sense (h 2 b ) was estimated according to Singh and Chaudhary (2000) by using the following formula: h 2 b % = 100 x (σ 2 g / σ 2 ph ). Expected genetic advance from selection for all studied traits as a percent of the mean was calculated according to Singh and Chaudhary (2000) as follows: GA (%) = 100 K h 2 σ ph / ͞ x, Where: ͞ x = General mean, σ ph = Square root of the denominator of the appropriate heritability, h 2 = The applied heritability, K = Selection differential (k = 1.76, for 10% selection intensity, used in this study).
Results
Analysis of variance
Combined analysis of variance across years showed that the main effects of genotypes, NaCl treatments and their interaction were significant (P ≤ 0.01) for all studied traits. The main effects of years (seasons) were significant (P ≤ 0.01) for six out of 11 studied traits, namely PH, NTPP, NSPP, GYPP, BYPP and HI. Mean squares due to genotypes x years (G x Y), genotypes x salinity levels (G x S) and genotypes x years x salinity levels (G x Y x S) interactions were significant (P ≤ 0.01) for all studied traits. It was observed that salinity treatment effects were more pronounced than genotypes effects on all studied traits, except DTM and DTH, where the genotypes effects were more pronounced than salinity treatment effects.
For each salinity level, a separate analysis of variance was preformed across seasons (years) on the actual number of genotypes survived and reached maturity (121 at 0 and 3000 ppm, 106 at 6000 ppm and 60 at 9000 ppm NaCl). Mean squares due to genotypes at all studied salinity treatments were significant (P ≤ 0.01).
Effects of salinity on mean performance
Results in Table ( 2) and Figures (1 and 2) indicated that increasing NaCl salinity level from 0 to 9000 ppm caused a significant (P ≤ 0.01) reduction in the means across all survived DH lines and checks of straw yield/plant (80.6%), number of spikes /plant (75.8%), number of tillers /plant (75.1%), biological yield/plant (78.3%), number of grains/spike (66.4%), 1000-grain weight (66.1%), plant height (69.8%) and grain yield/plant (60.5%), but caused a significant (P ≤ 0.01) increase in harvest index (93.3%), days to heading (15.9%) and days to maturity (14.7%), i.e. lateness. Lateness in maturity and heading due to salt stress at 9000 ppm NaCl was in average 15 and 11 days, respectively.
Reduction in both NGPS and TGW was of equal magnitude at 9000 ppm as compared to control (0 ppm), indicating that both components of grain yield (grain number and weight) are of equal importance for grain yield/plant (GYPP) under the highest level of NaCl in this experiment and that the effect of salinity at pre-flowering stage, where number of fertilized ovules is determined is equal to the effect at post-flowering (grain filling stage), where accumulation of assimilates in grains is occurred Increasing salinity level from 0 to 6000 ppm NaCl also caused a significant (P ≤ 0.01) decrease in the same traits as in case of 9000 ppm NaCl but with lower magnitude, i.e. NTPP (72.6%), NSPP (72.6%), grain yield/plant (40.0%), BYPP (52.5%), SYPP (54.1%), NGPS (36.0%), TGN (30.4%) and PH (48.5%). On the contrary, 6000 ppm NaCl level caused a significant (P ≤ 0.01) increase in HI by 42.3% and nonsignificant delay in heading (3 days) and maturity (4 days) as compared with 0 level of salinity (control). Although the salinity level 3000 ppm NaCl caused a significant (P ≤ 0.01) inhibiting (reduction) effect on NTPP (25.2%), NSPP (25.4%), SYPP (24.7%), NGPS (9.2%) and BYPP (18.0%), it had a significant stimulating (increase) effect on GYPP (11.5%) and HI (37.4%). 
Effects of salinity on correlations
Correlation coefficients between means of GYPP or BYPP and other studied traits are presented in Table ( 3). Grain yield/plant was strongly correlated with BYPP and TGW under all salinity treatments, NTPP and NSPP under control and 3000 ppm NaCl and SYPP under control conditions. Biological yield/plant was strongly associated with SYPP (>0.95) and TGW (>0.775) under all salinity treatments. Under 9000 ppm NaCl, BYPP was strongly correlated with all studied traits; the highest correlation coefficient was between BYPP and SYPP (0.950) followed by NTPP (0.862). Under 6000 ppm NaCl, BYPP showed also high correlation with NTPP (0.679) and NGPS (0.701). It is also observed that PH had a significant correlation with BYPP under the four studied salinity concentrations. Correlation coefficients between means and each of STTI's or STI under the elevated levels of salinity are presented in Table ( 4) . Correlation coefficients between means and corresponding STTI's for studied traits are very high in magnitude; with a range from 0.889 to 0.997. Correlation coefficient between salinity tolerance index (STI) and the means of studied traits under all elevated salinity levels (3000, 6000 and 9000 ppm) were highly significant, but ranged from 0.445 to 0,948. The highest correlation coefficient, in magnitude, between STI and mean was observed for four traits (BYPP, SYPP, NGPP and PH) under 9000 ppm NaCl and four traits (GYPP, TGW, NSPP and NTPP) under 3000 ppm NaCl conditions. Correlation coefficients between STTI's of selected traits and salinity tolerance index (STI) under elevated salinity treatments (Table 5 ) ranged between 0.560 for PH under 3000 ppm and 0.954 for BYPP under 9000 ppm. At 9000 ppm NaCl, NSPP and TGW traits showed also strong correlation between STTI and STI.
Effects of salinity on variability, heritability and selection gain:
Phenotypic (PCV) and genotypic (GCV) coefficients of variability for agronomic and yield attributes of the 121 wheat doubled haploids in the pots experiment at different salt solution concentrations are presented in Table ( 6) . Maximum variability at the phenotypic and genotypic levels was recorded by GYPP followed by NSPP and NTPP traits under all salinity concentrations and SYPP under 9000 ppm NaCl conditions.
The traits PH, NSPP, NGPP, SYPP and BYPP exhibited the highest PCV and GCV under 9000 ppm NaCl as compared to other NaCl concentrations. Grain yield/plant showed also its highest PCV (73.59%) under 9000 ppm, but its highest GCV (70.50%) was observed under control (0 ppm NaCl) conditions. The traits DTH, DTM and HI showed the highest PCV and GCV under 6000 ppm NaCl level. Moreover, the highest PCV of TGW trait was exhibited under 9000 ppm and the highest PCV and GCV of NTPP trait under 6000 ppm and the highest GCV of TGW trait under 3000 ppm NaCl salinity level. On the contrary, DTH, GTM and HI traits showed the lowest estimates of PCV and GCV under all NaCl concentrations. Heritability in the broad-sense (Table 7) were at maximum at 3000 ppm NaCl salinity level for seven out of 11 studied traits, namely, GYPP, TGW, NGPS, NSPP, NTPP, DTH and DTM and at 0 ppm NaCl level for the four remaining traits (PH, SYPP, BYPP and HI). On the contrary, the lowest estimate of broad-sense heritability for all studied traits was shown at the severest level of salinity in this study (9000 ppm NaCl). It is observed that broad-sense heritability decreased as salinity increased more than 3000 ppm, i.e. to 6000 and 9000 ppm NaCl; the reduction in heritability was slight at 6000 ppm NaCl, but it was strong at 9000 ppm NaCl. The highest predicted genetic advance (GA) from selection (Table 7) based on 10% selection intensity was generally observed if selection was done under moderate salinity stress (6000 ppm NaCl) for seven out of eleven studied traits (BYPP, NSPP, NGPS, PH, DTH, DTM and HI), under 9000 ppm NaCl for SYPP, under 3000 ppm for two traits (NTPP and TGW) and under control (0 ppm NaCl) for GYPP.
The quadratic regression relationship between GA, h 2 b , PCV or GCV for GYPP of wheat DH lines and elevated salinity level was sigmoid (Figs. 3, 4 , 5 and 6, respectively). Expected genetic advance from selection was at maximum when selection was practiced under no stress (0 ppm) then it decreased to a minimum at about 3000 ppm, after that it increased to a second maximum at about 7000 ppm followed by a gradual decrease until it reaches 9000 ppm NaCl. 
Discussion
Wheat is moderately tolerant to salt with threshold without yield loss at 6 dSm -1 and with yield 50% loss at 13 dSm -1 (Maas and Hoffmann, 1977) . The effect of salinity on tiller and spikelet numbers established during the early vegetative growth stage has a greater influence on final seed yield than the effects exerted on yield components in the latter two phases (Kirby, 1988) , indicating the probability of improving salt tolerance of wheat genotypes during early growth stages. Because breeding for salt tolerance is difficult and of slow progress, many aspects should be considered in a given crop, such as evaluation of a wide range of germplasm to assess the genetic variation and see if selection is possible from within the genotypes, choosing the selection criteria that are simple, quick and non-destructive and initiating breeding programs that combine various traits for the ultimate development of a salt-tolerant genotype.
In the present study, significance of main effects of wheat genotypes, salinity treatments and seasons of testing and their interactions confirm the findings of previous investigators (Munir et al., 2013 and Al-Naggar et al., 2015b ) . Significance of mean squares due toseasons indicate that environmental conditions prevailed in the two seasons (weather and/or soil conditions) were different to the extent that affected on such traits. The soil used in the 1 st season was sand, while it was a mixture of 1 sand : 1 peat moss (v/v) in the second season. The most affected traits by sand soil in the 1 st season were NTPP and NSPP (where both numbers were very low) and consequently affected on GYPP, BYPP and HI traits. Moreover, significant interaction between genotypes and salinity levels indicates that selection is possible to be practiced under a specific salinity treatment. It was observed that salinity treatment effects were more pronounced than genotypes effects on all studied traits, except DTM and DTH, where the genotypes effects were more pronounced than salinity treatment effects. This was expressed via the percentage of sum squares for each component to the total sum of squares, which indicated that salinity levels contributed higher percentage to the total variance than that reported by other investigators (Munir et al., 2013) . The highest contribution to total variance in this experiment was shown by salinity levels in six traits (PH, NGPS, TGW, GYPP, SYPP and BYPP) followed by years for two traits (NTPP and NSPP) and G x S for three traits (DTH, DTM and HI). Mean squares due to genotypes at all studied salinity treatments were significant (P ≤ 0.01), suggesting the existence of significant differences among genotypes under respective salinity levels for all studied characters. Such genotypic differences in studied traits under no salinity as well as elevated levels of salinity were also recorded by previous investigators in wheat (Khan et al. 2012 and Asgaris et al. 2012) .
Results of the present study indicated that increasing NaCl salinity level from 0 to 9000 ppm caused a significant (P ≤ 0.01) reduction in the means across all survived DH lines and checks in all sturied traits, except HI, DTH and DTM, which were increased. The reduction ranged from 60.5% for grains/spike to 80.6% for straw yield/plant.
Wheat plant responses to salinity are complex and depend upon a number of factors, e.g. growth stage, concentration and type of salts (Cramer, 2002; Saqib, 2002 and Khan et al., 2010) . In general, salinity seriously affects different growth characters and yield of wheat like other field crops. Yield reduction may range from slight loss to complete crop failure depending upon severity of the salinity problem and the wheat genotype (Chang and Sipio, 1991) . In the present study, salinity at 6000 and 9000 ppm NaCl concentration caused death to 15 and 61 genotypes ,respectively, out of a total of 121 studied genotypes and the reduction in grain yield/plant was at maximum under 9000 ppm NaCl and differed from genotype to another. Reduction in grain yield due to the elevated level of salinity was associated with reduction in studied yield attributes, such as NSPP, NGPS and TGW. According to Kamkar et al. (2004) , the salinity source limitation reduces yield primarily by a severe reduction in grain number and then by reduction in grain yield. Khan et al. (2010) reported a reduction in grain yield/plant due to salinity ranging from 34.3 to 67.0%, depending on wheat genotype. Munns (1993) indicated that salt in plants reduces growth by causing premature senescence of old leaves and hence reduced supply of assimilates to growth regions. Sensitive cultivars accumulate ions more quickly than tolerant cultivars and this ion accumulation leads to leaf death and progressively death of the plant (Munns, 2002) . The ability to maintain low Na + and K + concentrations in leaves (Dvorak et al., 1994) and K + : Na + discrimination can be found among wheat genotypes, wheat progenitors and wild relatives (Groham et al., 1990) .
Maximum reduction due to 9000 ppm NaCl occurred in SYPP trait, while maximum increase due to this level happened in HI trait. The reduction in SYPP (80.6%) was greater than the reduction in GYPP (60.5%) under 9000 pmm NaCl, which could be considered the main cause of increasing harvest index under this salinity level. The increase of HI due to salinity stress was reported by previous investigator (Husain et al. 2004) . The increase in number of days to maturity and heading (lateness) due to salt stress at 9000 ppm NaCl was in average 15 and 11 days, respectively. High salinity has been observed to delay the onset of flowering in many plant species (Van Zandt and Moopes 2002) . However, we are not aware of any reported delay in flowering arising from salinity in wheat. The delay in flowering was much shorter in tolerant than in sensitive genotypes. Reduction in both NGPS and TGW was of equal magnitude at 9000 ppm as compared to control (0 ppm), indicating that both components of grain yield (grain number and weight) are of equal importance for grain yield/plant (GYPP) under the highest level of NaCl in this experiment and that the effect of salinity at pre-flowering stage, where number of fertilized ovules is determined is equal to the effect at post-flowering (grain filling stage), where accumulation of assimilates in grains is occurred.
Increasing salinity level from 0 to 6000 ppm NaCl also caused a significant (P ≥ 0.01) decrease in the same traits as in case of 9000 ppm NaCl but with lower magnitude. On the contrary, 6000 ppm NaCl level caused a significant (P ≥ 0.01) increase in HI by 42.3% and non-significant delay in heading (3 days) and maturity (4 days) as compared with 0 level of salinity (control).
Although the salinity level 3000 ppm NaCl caused a significant (P ≥ 0.01) inhibiting (reduction) effect on NTPP (25.2%), NSPP (25.4%), SYPP (24.7%), NGPS (9.2%) and BYPP (18.0%), it had a significant stimulating (increase) effect on GYPP (11.5%) and HI (37.4%). Out of 121 genotypes, a large number (93 DH lines and 4 checks) of genotypes showed significantly higher GYPP under 3000 ppm NaCl than under no salinity stress, and therefore the low salinity level (3000 ppm) in this study was generally the optimum for their yielding potential. The preferability of this low NaCl concentration for grain productivity of some wheat genotypes were previously reported by some investigators (Mass et al., 1986) . Flowers and Colmer (2008) reported that in some of the grasses, growth may be optimized in moderately saline conditions.
Under the low (3000 ppm) and medium (6000 ppm) NaCl levels in the present study, it was observed that the reduction in number of grains/spike (NGPS) was greater than that in thousand grain weight (TGW), as compared to nosalinity stress (0 ppm), indicating that pre-flowering stage is more sensitive to 3000 ppm and 6000 ppm NaCl salinity levels than post-flowering stage of the studied genotypes, which is reflected in greater effect on determining the final number of fertilized ovules than that on accumulating assimilates in wheat grains. Salinity may cause sterility at the time of wheat flowering and therefore reduce seed set and finally number of seeds per spike (Maas and Poss, 1989 ) This is, probably, one of the main reasons of obtaining low grain yield in wheat under increasing levels of salinity. The second probable reason is the negative effect of salinity on metabolic processes responsible for synthesis and mobilization of assimilates from the source to the sink, and consequently on the seed size or weight (Munns, 1993 and El-Hendawy et al., 2005) . It is worthy to note that, in the present investigation, the most affected traits by salinity at all NaCl levels (3000, 6000 and 9000 ppm) were biological and straw yield/plant. Decline in dry biomass due to salinity stress was most likely owing to additional energy consumption for osmotic adjustment (WynJones and Groham, 1993 and El-Hendawy et al. 2005) . The present results indicated that total dry biomass is a good selection criterion under salinity stress. Flowers and Hajibagheri (2001) also suggested that dry matter could be used for rapid screening of crops under salinity stress.
Salinity stress at different phenological stages inhibits photosynthetic activities of the plant because it had a direct inhibitory effect on the Calven cycle enzymes (Ottander and Oquist, 1991) . Tillers/plant was the most salinity sensitive trait in wheat (El-Hendawy et al., 2005) . They concluded that to increase yield under salinity stress conditions, it is necessary to maintain high plant density. Growth of tillers at all stages is inhibited by salinity due to its damage on the essential metabolic reaction in plants, resulting in low tiller biomass and small tiller size (Maas and Poss, 1989 ). In the present study, the most affected trait by 6000 ppm salinity level was NTPP and consequently NSPP (72.6% reduction) compared with 0 ppm level.
At heading, salinity suppresses reproductive development, spikelet formation and ultimately grains (Mans and Rawson, 2004) . Due to their response to salinity, these two traits could be used to evaluate wheat genotype under saline field conditions. These traits could be determined at early growth stages and therefore, may be used to screen large population. Decline in number of grains/spike was mainly due to decline in number of spikelets/spike. The 1000 grain weight was less affected as compared to other yield components, because it was determined at maturity which is the least salt sensitive stage in wheat (Frank et al., 1997) . Grain yield in the present study showed a great reduction at 9000 pmm salinity level and therefore, it could be used as selection criterion in salt affected soils. Many investigators had categorized plants on the basis of grain yield under salinity stress (Sadiq et al., 1994; Jafari-Shabestari et al., 1995; and Anderson et al., 1996) . Reduction in grain yield was due to reduction in yield components and high salinity was the main cause of reduction in yield and yield components. Wheat yield started to show significant decline in this study when salinity was 6000 ppm NaCl (60.0% reduction). Katerji et al.(2009) also reported that yield declined when EC e value goes >10 dSm -1 . Literature available on salt tolerance in wheat varieties suggests that it is a moderately salt tolerant crop with a threshold level of 6-7 dSm -1 (Mass et al., 1986 and Munns et al., 2006) .
Grain yield/plant was strongly correlated with BYPP Under 9000 ppm NaCl. BYPP was strongly correlated with all studied traits; the highest correlation coefficient was between BYPP and SYPP (0.950) followed by NTPP (0.862). Correlation coefficients between means and corresponding STTI's for studied traits are very high in magnitude; with a range from 0.889 to 0.997. This indicates that the high value of the mean of a certain trait under elevated salinity level is an indicator of its tolerance to salinity and the vice versa. The highest correlation coefficient, in magnitude, between STI and mean was observed for four traits (BYPP, SYPP, NGPP and PH) under 9000 ppm NaCl and four traits (GYPP, TGW, NSPP and NTPP) under 3000 ppm NaCl conditions. This suggests that under the studied elevated salinity levels in this study, BYPP and GYPP could be considered good criteria of selection for salinity tolerance. This conclusion is similar to that reported by Sadiq et al. (1994 ), Jafari-Shabestari et al. (1995 and Anderson et al. (1996) for GYPP and Flowers and Hajibagheri (2001) for BYPP. The strongest correlation between STTI and STI was observed by BYPP under all the three elevated levels of salinity, indicating the great importance of this trait as selection criterion for salinity tolerance. This trait (BYPP) could, therefore, be recommended for plant breeders to screen a large number of wheat genotypes for salinity tolerance at 6000 and 9000 ppm NaCl. At 9000 ppm NaCl, NSPP and TGW traits showed also strong correlation between STTI and STI, indicating also the importance of these two traits as selection criteria for salinity tolerance under 9000 ppm NaCl conditions. Under 3000 ppm NaCl, GYPP exhibited very high and significant (0.975) correlation between STTI and STI, assuring also the great importance of this trait as selection criterion for salinity tolerance.
The present study concluded that at early vegetative stage, NTPP trait is a good selection criterion for salinity tolerance, but at the end of maturity stage, BYPP and/or GYPP could be considered the best criteria for screening a large number of wheat genotypes for their salinity tolerance under 9000 ppm NaCl conditions. This conclusion agreed with that reported by El-Hendawy et al. (2005) , Shahzad et al. (2012) and Munir et al. (2013) for tillers/plant and WynJones and Groham (1993) , Flowers and Hajibagheri (2001) , Asgari et al. (2012) and Munir et al. (2013) for total plant dry biomas and grain yield in controlled conditions. The wide variability observed at both phenotypic and genotypic levels for GYPP. NSPP, NTPP and SYPP is an indication for high heritability and high expected genetic advance from selection for such traits and thus the high possibility of success in the development of wheat salt tolerant varieties. The traits showing wide variability under elevated level of salinity either on phenotypic or genotypic level are qualified for successful improvement via selection and therefore for developing new varieties of improved performance under such elevated level of NaCl stress conditions. Such traits in the present study would probably be NSPP. NTPP and GYPP. The importance of such traits for practicing efficient selection for improving salt tolerance in wheat was reported by many investigators (Maas & Poss, 1989 and El-Hendawy et al. 2005) . Consequently genotypes of more NTPP, NSPP and high GYPP might be good option under salinity stress. On the contrary, DTH, GTM and HI traits showed the lowest estimates of PCV and GCV under all NaCl concentrations, indicating that in the population of DH lines of the present study, it would be difficult to select improved lines for such traits under all studied salinity treatments.
Heritability is an important parameter for the selection of an efficient population improvement method. The heritability of a given trait refers only to the offspring examined under the particular experimental conditions (Falconer and MacKay, 1996) ; therefore, variability in estimation of heritability is to be expected. Increases in heritability and additive variance components have been predicted as stress level increases (Kacser and Burns, 1981 and Blum, 1988) ; such changes were reported by Hoffmann and Parsons (1991) . Such changes in genetic variation (increase or decrease), would seem likely to arise with increased stress, because different genes may contribute to similar character under diverse environments (Richards, 1978 and Rumbaugh et al., 1984) . Based on heritability estimates, Ali et al. (2005) suggested that prospects of improving the traits that confer salinity tolerance by selection and crossing are significant if genes controlling salinity tolerance have additive effects. High heritability estimates associated with high genetic advance for major quantitative traits in wheat offer better scope of selection of genotypes in early segregating generations (Memon et al., 2005) . Heritability estimates assess the relationship in parents and progeny therefore, crosses has been made to incorporate desirable genes in present wheat varieties to increase the crop productivity. Likewise, Rebetzke and Richards (2000) and Sial et al. (2002) reported the use of semi-dwarfing genes (Rht1 and Rht2) to develop high yielding cultivars which have resistance against lodging. Munir (2011) reported that salinity also affected the heritability of wheat genotypes. Heritability values under salinity stress were found to be lower as compared to under controlled conditions during both phases of experiment. Under 200 mM NaCl, heritability estimates for shoot fresh and dry weights and root dry weight were found above 80%. However, under 250 mM salinity stress heritability estimates were computed between 59% to 78% for all the seven traits studied. This suggested that high salinity level had more inhibiting effects on heritability. In the present study, it is observed that broad-sense heritability decreased as salinity increased more than 3000 ppm, i.e. to 6000 and 9000 ppm NaCl; the reduction in heritability was slight at 6000 ppm NaCl, but it was strong at 9000 ppm NaCl. Low heritability under stressed environments and high heritability under non-stressed environment was previously reported by many investigators (Shabana et al., 1980 , Al-Naggar et al., 2012 and 2015b .
The highest predicted genetic advace (GA) from selection (Table 7) based on 10% selection intensity was generally observed if selection was done under moderate salinity stress (6000 ppm NaCl) for seven out of eleven studied traits (BYPP, NSPP, NGPS, PH, DTH, DTM and HI), under 9000 ppm NaCl for SYPP, under 3000 ppm for two traits (NTPP and TGW) and under control (0 ppm NaCl) for GYPP. The quadratic regression relationship between GA, h 2 b , PCV or GCV for GYPP of wheat DH lines and elevated salinity level was sigmoid (Figures 3,4 ,5 and 6). It could be concluded that to select salt tolerant genotypes, the optimum environment to gain the highest genetic advance is that irrigated in pots with a salt solution of 7000 ppm NaCl concentration, At this salt concentration, the estimate of heritability, PCV and GCV for grain yield/plant was > 80, 70 and 65%, respectively. Many investigators reported that the optimum selection environment for discrimination of salinity tolerance of a large number of wheat genotypes should be of high salinity level (Kingsbury and Epstein, 1984) .
Based on the results of heritability and predicted genetic advance, there are two contrasting conclusions in the literature about the best selection environment for obtaining stress tolerant genotypes for the use in the target environment. The first group found that the non-stressed selection environment is the best, because of the higher heritability and expected genetic advance from selection for grain yield than the stressed environment (Rosielle and Hamblin, 1981; Richards, 1993 and Worku, 2005) . However, the second group found that stressed environment is better because of its higher heritability and the higher actual genetic gain from selection than non-stressed environment (Blum, 1988; Hefny, 2007; and Al-Naggar et al. 2009 , 2015 . Atlin and Frey (1990) reported that selection under salinity stressful environment would ensure the preservation of alleles for salinity tolerance. There is a third group of investigators that believes that selection should be practiced across a variety of stressed and non-stressed environments to select stress tolerant and high-yielding genotypes for the use in the stressed target environment e.g. Al-Naggar et al., 2012 and 2015 a) .
It is observed in the present study that the estimates of expected genetic advance for selection are generally high in most studied traits, even under the stressed environments (6000 and 9000 ppm NaCl levels). Over estimation of GA in the present study might be attributed to using the high estimates of heritability in broad sense, which include both types of genetic variance, i.e. additive, dominance and epistatic genetic variances (heritable and non-heritable components). It is therefore expected that such GA estimates would be lower in case we used narrow-sense heritability, which depends only on the additive and additive X additive variances (heritable components only). . From Figures 3, 4 , 5 and 6, it could be concluded that to select salt tolerant genotypes, the optimum environment to gain the highest genetic advance is that irrigated in pots with a salt solution of 7000 ppm NaCl concentration, At this salt concentration, the estimate of heritability, PCV and GCV for grain yield/plant was > 80, 70 and 65%, respectively.
The sufficient variability at both phenotypic and genotypic levels coupled with the high estimates of h 2 b and GA under all studied salinity levels would allow us to conclude that selection for high GYPP, NTPP, NSPP, SYPP and BYPP even under the elevated levels of salinity would result in a great progress in such traits and thus improving wheat salinity tolerance. The traits showing high heritability coupled with high expected genetic advance from selection as well as having a strong association with salinity tolerance (>0.78 under 9000 ppm NaCl) in the present pots experiment are GYPP, NTPP and NSPP. These traits showed also a wide variability at the phenotypic and genotypic levels and therefore are recommended as selection criteria for salinity tolerance under elevated level of salinity conditions in pots experiment.
Conclusion
Results of the present study concluded that increasing NaCl salinity level from 0 to 9000 ppm caused a significant reduction in the means across all survived DH lines and checks of straw yield/plant, number of spikes /plant, number of tillers /plant, biological yield/plant, number of grains/spike, 1000-grain weight, plant height and grain yield/plant, but caused a significant increase in harvest index, days to heading and days to maturity, i.e. lateness. Although the salinity level 3000 ppm NaCl caused a significant inhibiting (reduction) effect on NTPP, NSPP, SYPP, NGPS, and BYPP, it had a significant stimulating (increase) effect on GYPP and HI. Results concluded that to select salt tolerant genotypes, the optimum environment to gain the highest genetic advance is that one irrigated with a salt solution of 7000 ppm NaCl concentration. The traits showing high heritability coupled with high expected genetic advance from selection as well as having a strong association with salinity tolerance (>0.78 under 9000 ppm NaCl) in the present experiment are GYPP, NTPP and NSPP. These traits are recommended as selection criteria for salinity tolerance in wheat.
